The crystallinity of the powder Fe 3 O 4 was determined by X-ray diffraction (Rigabu D/max VB/PC X-ray diffractometer using nickel-filtered CuKα1 radiation (λ = 
Metal ions removal procedure
In order to remove effectively the different metal ions (Pb 2+ , Cd 2+ , Cu 2+ , Ni 2+ ) from water, certain significant parameters including pH of the analyte solution, adsorbent mass, contact time, temperature, initial metal ion concentrations and desorption processes were investigated. A 1 g L -1 stock solution containing each metal ion was prepared separately using deionized water and required dilutions were made to obtain the appropriate concentration in order to obtain the artificial wastewater solutions.
The adsorption equilibrium tests were carried out as follows. In a clean plugged conical flask, 50 mg of the prepared powder Fe 3 O 4 was added to 50 mL of metal ion solution with initial concentration of 10 mg L -1 at ambient conditions. Subsequently, the mixture was vigorously stirred by a shaker with a speed of 220 rpm at 25°C to allow a complete adsorption of the metal ion by the Fe 3 O 4 nanoparticles. After shaking, the mixture was withdrawn from the shaker at regular time intervals of 10 min. And then, a permanent hand-held magnet was used to separate the liquid-phase followed by measuring the residual content of the metal ion using inductively coupled plasma atomic emission spectrophotometer (ICP-AES). To carry out the influence of S5 the solution pH, the pH values ranging from 2 to 12 of the solution were adjusted by addition of 1 and 0.1 M nitric acid (HNO 3 ) or 1 and 0.1 M sodium hydroxide solution (NaOH). To further understand the impact of the ultra-fine Fe 3 O 4 nanoparticles on the adsorption, diverse amounts of Fe 3 O 4 in the range 10 -200 mg were used to extract the metal ions. The influence of the temperature was also studied. To this aim, the uptake tests were carried out at different temperatures including 5, 25, and 45°C. The experiments were performed by altering one parameter whilst the other parameters were kept constant. Besides, to ensure the reproducibility and reliability of the collected data, all batch tests were evaluated in duplicates and the average value has recorded in the graphs. The effect of contact time revealed the equilibrium time. So, the adsorption equilibrium isotherm was also carried out using different initial metal ion concentrations in the range 10-150 mg L -1 at room temperature. Once the equilibrium was achieved, the concentration of the metal ion was measured. Thus, the adsorption capacity 1 of the as-prepared The desorption study was performed to test the reusability of the nanoadsorbent. For this purpose, 50 mg of Fe 3 O 4 nanoadsorbents were used to adsorb each ion tested in 50 mL of 10 mg L -1 of ion. Thus, after reaching the adsorption equilibrium, the nanoadsorbents were removed and dispersed in 10 mL of diluted nitric acid (0.01 M) for 20 min and shaken for 10 min. Afterwards, the nanoadsorbents were removed using a permanent hand-hold magnet, washed with deionized water several times, and dried for adsorption in succeeding cycles.
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Point of zero charge measurement
The point of zero charge (PZC) is known as the pH value when the net total charge is zero on the surface of a system. Thus, to understand the adsorption process, the PZC remains a fundamental parameter for the adsorbent. Indeed, it allows describing the adsorption of charged species and the effect of the medium's pH on the adsorption. 
Characterization of the magnetite nanoparticles
Brunauer-Emmett-Teller study after adsorption
The pore size distribution curve of the metal ions tested after adsorption is shown in Figure S2 in which various peaks are observed. It was found that after adsorption the pore became smaller due to the drying pretreatment and the adsorbed metal ions. And the average diameters are between 2.5 and 3.6 nm. Importantly, the surface area of Fe 3 O 4 NPs loaded with Pb 2+ , Cd 2+ , Cu 2+ , and Ni 2+ ions were found to be 109.45, 109.83, 117.43, and 108.66 m 2 g -1 ,
respectively. The increase in the surface area after adsorption can be explained by the adsorbed metal ions and the aggregation or overlapping of adsorption sites.
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Figure S2
Pore-size distribution curves of Fe 3 O 4 NPs after adsorption of metal ions.
Scanning electron microscope/energy-dispersive X-ray analysis
To further characterize the adsorption, Figure S3A shows the SEM images of the prepared UFMNPs that indicates the surface topography before metal ions adsorption.
It can be observed the aggregation of various ultra-fine particles exhibiting spherical shape and confirming the results predicted in the XRD pattern. Details about the morphology of UFMNPs were evaluated after adsorption in the SEM studies. The
Figures S3b -S3e indicate the SEM images of UFMNPs loaded with Pb 2+ , Cd 2+ , Cu 2+ , and Ni 2+ ions, respectively after adsorption. It was clear be seen a demarcation in the surface morphology compared to the intact UFMNPs due to the metal ions exchange reactions and their adsorption via precipitation. In order to prove the adsorption of the metal ions studied, EDX spectra were recorded and can be observed in Figures S3(f-j) .
As can be seen, the spectrum of unloaded UFMNPs ( Figure S3f) shows none peak of the tested metal ions, whereas the EDX spectra S3g-S3j of the ions loaded UFMNPs show the characteristic peaks of Pb 2+ , Cd 2+ , Cu 2+ , and Ni 2+ ions indicating they have been successfully adsorbed on the UFMNPs surface. 
Effect of the temperature on the adsorption process
The effect of temperature upon the adsorption was carried out at three different temperatures namely 5, 25, and 45°C and shown in Figure S5 . The experimental findings indicated that the removal efficiency increases with the increase of the temperature from 5°C to 45°C. This observation is due to the change in the size of the pore causing a swelling effect within the internal structure of the Fe 3 O 4 nanoadsorbents which facilitates the uptake of metal ions. 5 Additionally, the increase in the temperature provoked an increase in the mobility of metal ions number of active sites on Fe 3 O 4 nanoadsorbents for the adsorption with increased temperature.
Consequently, the temperature influences positively the adsorption of heavy metal ions and the adsorption of the investigated metal ions is endothermic. It is well-known that the adsorption process is mainly impacted by the temperature in term of the diffusion rate of adsorbate substances and the internal pores of the adsorbent materials. Therefore, the diffusion rate increases by raising the temperature generating a decrease in the viscosity of the solution. The increase in the temperature increases thus the efficiency removal of UFMNPs for the studies metal ions.
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Figure S5: Effect of the temperature on adsorption of Cu 2+ , Cd 2+ , Ni 2+ , Pb 2+ ions at fixed pH 5.5.
Effect of the adsorbent quantity
One of the most important parameters in adsorption process that determine the adsorbent capacity for a known initial metal ion concentration is adsorbent amount. Figure S6 depicts the effect of the adsorbent amount on the adsorption of heavy metal ions. As can be seen, all investigated metal ions exhibit similar behavior. Indeed, when the adsorbent amount increased the uptake efficiency also augments up to reach a maximum and then becomes almost constant. The increase in adsorption of metal ions can result from the increase of the number of active sites and the increase in nanoadsorbents surface area with the increase Fe 3 O 4 nanoadsorbents amount facilitating thus a rapid penetration of metal ions to the sites. 5 The observed "plateau"
in the removal efficiency of UFMNPs toward the different tested metal ions reveals that no further increase in UFMNPs doses impacted on the uptake of these metal ions. 
Effect of initial metal ion concentrations and isotherm analysis
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To determine the nature of the interaction between all tested metal ions and the Fe 3 O 4 nanoadsorbents and find the maximum capacity of these nanoadsorbents, the adsorption data were examined using adsorption isothermal models such Langmuir, Freundlich, Dubinin-Radushkevich, and Temkin isotherm models.
In Langmuir isotherm model 6 , it is assumed uniform energies of the adsorption onto a homogeneous surface and the adsorption should be limited to the formation of a monolayer. It linear form is represented as follows:
where q e (mg g -1 ) is the equilibrium amount of metal ion adsorption, Ce(mg L . The mean adsorption energy (kJ mol -1 ) is calculated using Equation (9):
The Temkin isotherm model 10 
Thermodynamic studies of the adsorption process
The thermodynamic study was carried out in term of the calculation of Gibbs parameters such as energy change (ΔG 0 ), enthalpy change (ΔH 4 NPs during the adsorption. 13 Furthermore, this positive value of ΔS 0 confirms the adsorption process is spontaneous owing to the rise of entropy as the system shifts to a state that is more uniform and stable. 14 S17 Figure S8 : Thermodynamic studies for the adsorption of Pb 2+ , Cd 2+ , Cu 2+ , and Ni 2+
onto the ultra-fine Fe 3 O 4 NPs. 
